The measurement of stress hormones (i.e., glucocorticoids) has greatly advanced animal conservation. Fecal glucocorticoid metabolite assays are valuable because they are noninvasive, but their ability to detect responses to short-term (<30 min) stressors in a way similar to blood serum assays is comparatively less well understood. We evaluated whether fecal glucocorticoid metabolites (FGMs) increased in captive wild mourning doves (Zenaida macroura) exposed to either a brief (<2 min) capture, handling and release (CHR) or capture stress protocol (CSP; i.e., capture, hold for 30 min, release) treatment. Previous studies have shown that mourning doves exhibit elevated FGMs within 2-3 hrs of experimental challenges. Therefore, we attempted to collect feces every hour for 24 h pre-treatment and 36 h post-treatment. We did not detect a consistent increase in FGMs in response to CHR or CSP treatments.
Introduction
Measurement of stress hormone production in wildlife has dramatically improved our understanding of their physiology, behavior, and conservation [1, 2, 3, 4] . For avian species, in particular, non-lethal means of assessing stress hormone concentrations through collection of blood samples has revolutionized our understanding of physiological mechanisms involved with migration [5, 6] , social interactions [7] , foraging behavior [8, 9 , 10], reproductive timing [11] , and parasitism [12] . Of particular interest to conservation managers, elevated glucocorticoid levels are associated with individual fitness or health that can, in turn, be used to assess broader population-or species-level responses to environmental change [2, 13, 14, 15] .
Monitoring changes in fecal glucocorticoid metabolite (FGM) levels provides a noninvasive alternative to monitoring glucocorticoid concentration in blood plasma [16, 17, 18, 19] . FGM analyses have been widely used, particularly in wild settings, because samples can be collected frequently and non-invasively from focal individuals [20, 21] and FGMs might provide a broader integrated measure of the stress response than blood glucocorticoid levels [22] . Moreover, studies using blood glucocorticoid sampling have found that capture and handling might compromise an accurate assessment of glucocorticoid levels [23, 24] . The ability of FGM assays to detect responses to short-term stressors in wild animals, often of interest in field studies, is less well understood. For example, when FGM techniques are combined with behavioral studies involving capture, handling, and restraint to collect biological data (e.g., attach leg bands or radio transmitters), it is important to determine whether or not fecal glucocorticoid analyses are capable of detecting associated short-term stress responses if and when they occur [25, 26] .
In this study we investigated if FGM assays were able to detect exposure to short-term stressors by continuously sampling mourning doves (Zenaida macroura) in a captive setting. Mourning doves provide an ideal study subject because FGM assays have been validated, and elevations in FGMs are known to occur within 2-3 hrs following exposure to acute stressors such as experimental challenge with adrenocorticotrophin (ACTH) [27] . We built on this basic experimental understanding of FGM responses in mourning doves by conducting trials on captive wild doves exposed to two different stress regimes; a short-term (<2 min) stressor mimicking capture and banding, and a longer term (<30 min) stressor simulating the amount of time needed to capture, handle, and attach a radio transmitter to a bird.
Methods
We captured wild mourning doves near Columbia, Missouri (38º54'N, 92º18'W) using modified Kniffin traps [28] during December 2000 to June 2001. Upon capture, we banded each bird with an individually numbered metal leg band, and assigned age and gender based on plumage characteristics [29, 30] . We transported mourning doves to the T.S. Baskett Wildlife Research and Education Area, located 15 km south of Columbia, Missouri (38º45'N, 92º11'W). During captivity, doves were kept individually in outdoor 1.8 m x 1.8 m x 1.8 m wooden framed pens raised 0.6 m above ground [31] . A wild-bird seed mixture (sorghum grains, wheat, crimped corn, oats, and sunflower seed) and water were provided ad libitum.
Due to logistical constraints and our need to continuously sample dove glucocorticoid metabolites to address our study objectives, our sampling was necessarily focused on intensively monitoring a small number of individuals (n = 6). We administered 3 different treatment protocols over the course of 18 months (Table 1) . During the first || 41 experiment in winter (January) 2001, we administered a capture stress protocol (CSP) treatment [1] to two doves that had been in captivity for 6 weeks (Table 1) . These birds were captured at 1200 and immediately placed into a breathable cotton sack. We placed the birds in a sternal position in the sack for 30 min, at which time we released them back into their respective pens (total disturbance time of 30 min 47 s +/-16 SE s). A second experiment was conducted in summer (July) 2001, when we administered brief (<2 min) capture, handling, and release (CHR) treatments to 2 doves and simultaneously monitored 2 additional doves that were not handled and where only droppings were collected (serving as a control). Individual birds were randomly assigned to treatments. We attempted to assign one male and one female to each treatment, but errors in assigning gender [30] precluded equal numbers of males and females in each treatment. Control birds were not captured, handled, or restrained. The 2 doves assigned to the CHR treatment group were captured using a mesh net (at 0800), removed from the net, held in our hands for 50 s, and released into their respective pen (total disturbance time of 72 +/-3 SE s). This same procedure was repeated with each bird 30 min later to extend the length of adrenocortical stimulation.
We conducted a third experiment in winter (February) 2002, when we again administered a CSP treatment to 2 doves (Table 1) . We followed methods similar to winter 2001, with three key differences: (1) this group of doves had been in captivity for 20 weeks, (2) we administered treatment at 1600 (as opposed to 1200) to try to determine if response differed by time of day [e.g., 32 , 33], and (3) we simultaneously sampled 2 control doves (Table 1) .
We collected droppings (feces plus urine) from each individual bird every hour, when available, beginning 24 h pre-treatment and continuing for 36 h post-treatment (except for the winter 2001 experiments when sample collection continued until 30 h post-treatment). While feces and urine often contain differing FGM levels and thus sample-to-sample variation in feces:urine ratio could influence our ability to detect trends in FGMs [17] , we were logistically unable to separate feces from urine for this study. Droppings were frozen at -20°C within 10 min of collection. We placed frozen droppings into a lyophilizer (Freeze-dry Specialties, Inc., Osseo, MN, USA) for 24 h. Once freeze-dried, we sifted samples through a stainless steel mesh to remove large particles; each sample was then thoroughly mixed. We extracted fecal glucocorticoid metabolites from feces using a modification of Schwarzenberger et al. [34] . We placed dried feces (0.016 to 0.120 g) in a test tube with 2.0 mL of 90% methanol and vortexed the sample at high speed in a multi-tube vortexer for 30 min. We centrifuged samples at 500 x g for 20 min, saved the supernatant, and stored it at -84º C until assayed.
We used I 125 corticosterone radioimmunoassay (RIA) kits (ICN #07-120103, ICN Biomedicals, Solon, OH, USA) previously validated for use in mourning doves [27] to quantify glucocorticoid metabolite concentrations. Droppings were analyzed in 10 assays, with each assay including all the samples from an individual bird. We followed the ICN protocol for the I 125 corticosterone RIA, except that we halved the volume of all reagents. Inter-assay variation for four assays was 5.3% and average intra-assay variation was 1.3%.
We calculated summary statistics of mean, standard deviation and coefficient of variation for each individual dove prior to and following treatment. We also calculated baseline FGM levels for each individual during each experiment using methods outlined by Brown et al. [35] that involved an iterative process where we excluded FGM values that exceeded the mean plus 1.5 SD and recalculated a mean value until no values exceeded the mean plus 1.5 SD. The final mean FGM value for each individual dove in each experiment was termed the baseline for that individual.
Results
We collected and assayed an average of 53.5 samples/bird (SE = 2.33, Range = 47-60, n = 10) during this study (total of 535 droppings). Mourning doves defecated at a rate of 0.9 samples/bird/hour during our experiments (SE = 0.04, Range = 0.8-1, n = 10).
We did not observe consistent short-term elevations in FGMs following exposure to acute CHR and CSP stressors. Baseline FGM values for individuals in both treatment and control groups were in a similar range of 25-32 ng/g, and we observed no discernible trend in FGMs following our summer 2001 CHR treatment (Fig. 1) . Further, the CHR treatment and control groups exhibited similar amounts of variability and similar FGM values over the course of the study (Table 2) .
During the winter 2001 CSP treatment, pre-treatment (i.e., baseline) FGM levels were two times higher than FGM levels of all other birds during the pre-treatment period (Fig. 2) . Post-treatment, in both doves we observed peaks in FGMs that were two times baseline FGMs in the first 6 hrs after treatment and then again 23-29 hrs post-treatment (Fig. 2) . However, between these peaks FGMs were not consistently elevated nor did variation in FGMs increase substantially compared to pre-treatment levels ( Table 2) .
In contrast to the winter 2001 CSP treatment, we observed no discernible increase in FGMs following CSP treatment in winter 2002 (Fig. 3) . The doves used in the winter 2002 CSP treatment had been maintained in captivity for 20 weeks and were treated at 1600 (cf. the winter 2001 CSP treatment in Table 1 ) and both treatment and control groups exhibited lower baseline FGMs in comparison to doves in the two previous experiments (Fig. 3) . Post-treatment, we did not observe an increase in FGMs for the male dove, and only observed an increase in FGMs for the female dove after 24 hrs (Fig. 3) . Across our entire study, this was the only evidence to suggest sexbased differences in FGM responses by mourning doves to our treatments. Finally, coefficient of variation values were similar pre-and post-treatment across both groups ( Table 2 ).
Discussion
Although our study was restricted to a small number of individual birds, failure to observe consistent elevations in FGMs following CHR or CSP treatments suggests that, compared to blood, fecal sampling is not sensitive to elevations in glucocorticoid concentrations in response to short-term, acute stressors in mourning doves. Previous studies with captive mourning doves indicated that a significant increase in plasma corticosterone occurred in response to the CHR protocol used in this study [36, 37] . Therefore, although plasma corticosterone levels were likely elevated in response to CHR during our study, no elevation was evident in the fecal glucocorticoid metabolite profiles. Because FGMs reflect adrenocortical activity over an extended time period [22] , and any acute response is lost because it is integrated, we think that this resulted in a loss of resolution of the stress response in feces.
Stressor-specific differences associated with the duration of a stressor might have contributed to the lack of elevations in FGM following capture and handling. In contrast to our relatively short term (<30 min) handling stress protocols, elevations in FGMs have been observed following exposure to other types of stressors. For example, dickcissels (Spiza americana) that were captured and had radio-transmitter || 45 backpacks attached to them elicited a peak in FGMs for 3 hrs, between 9-12 hrs following transmitter attachment [25] . We did not observe a similar acute stress response in our study despite knowing that it only takes 2-3 hrs for glucocorticoids to be detected in feces in mourning doves following ACTH challenge [27] . The absence of short-term elevations in FGMs during this study suggests that stressors ≥30 min (e.g., a permanently attached transmitter) might result in an acute or longterm elevation in FGMs, but that activities associated with handling <30 min do not elevate FGMs in mourning doves. Therefore, our results provide some assurance for managers and researchers that individual doves will not demonstrate long-term physiological effects resulting from capture and marking lasting <30 min as is frequently performed during national banding activities [38, 39, 40] .
Captivity can influence endocrine functional responses in avian species [41] and significantly affect corticosterone levels [5, 42] . Following capture, handling and radio-transmitter attachment in wild dickcissels that were acclimated to captivity for at least 2 weeks, Seudkamp Wells et al. [25] observed elevations in FGMs in birds receiving transmitter attachments, but no response in control birds. Similarly, our findings support previous reports that detecting stress responses in FGMs is likely dependent on acclimation time. Evidence from our 2 winter CSP treatments suggest that length of time mourning doves were held in captivity was associated with decreased inter-sample variability and overall lower FGM levels. Further, decreased variability in FGMs over the course of our study suggests that by week 20, either physiological acclimatization had occurred (i.e., doves no longer considered captivity to be a stressor) or that chronic stress diminished the overall ability of the birds to mount a physiological stress response to stressors [43, 44, 45] . Therefore, similar to blood-based corticosterone assays, the effects of captivity on FGMs is an important, potentially confounding factor that should be accounted for when trying to extend findings from the laboratory to the field, and vice-versa [41, 42] .
Further research is needed to differentiate the potential effect of time of day or season on mourning dove FGMs. Evidence from blood sampling of circulating corticosterone levels in avian species suggests that diel rhythms occur; baseline corticosterone levels are lowest mid-day and individuals that are most sensitive to stressors exhibit greatest increases in corticosterone levels early in the morning after waking [32, 33] . In contrast, the limited evidence we observed for elevation in FGMs following treatment was during 1200 (Fig. 2) and not during the earlier 0800 treatment. Further, comparison of controls between experiments conducted at 0800 and 1600 (although during differing seasons) supports the overall trend in that mourning dove baseline FGMs were not lowest in the early morning hours after waking. In addition to fine-scale diel rhythms, seasonal trends in corticosterone and adrenal responsiveness have been observed in a diversity of avian species [46, 47, 48, 49, 50] . For example, Romero et al. [51] found that plasma corticosterone levels and responses to CSP differed by season in White-crowned Sparrows, and that levels and responsiveness were lowest during fall migration and in winter, and highest during active breeding in summer. Although we observed some of the highest FGM values for doves sampled during the winter 2001 period, doves sampled during winter 2002 that were exposed to a similar CSP treatment protocol exhibited the lowest observed FGM values over the course of the study (Fig. 3) . Collectively, our findings suggest that time of day and seasonal differences on FGMs were inconsistent, and likely of secondary importance compared to other environmental factors, most notably time in captivity.
Although our results suggest that FGM analyses are not appropriate for detecting acute physiological responses to short-term stressors in mourning doves and likely other avian species, these methods apparently provide a better-integrated measure of adrenocortical responses in long-term field studies. The main utility of FGM monitoring techniques likely involves long-term studies where frequently repeated sample collection from focal individuals is required [27, 52] . Fecal glucocorticoid metabolite analyses might provide a better-integrated measure of adrenocortical responses because they are less sensitive to short-term stressors or disturbances (e.g., predator walking by captive bird colony) that could otherwise bias interpretation of assay results [22, 53] . Further, noninvasive FGM monitoring, used concurrently with the collection of other physiological (e.g., body condition) or demographic parameters (e.g., recruitment), might be effective for examining the effects of potential chronic stressors [54, 55] . We encourage researchers to consider stressor-specific differences, ease of sampling, and the physiological question of interest (i.e. baseline conditions or response to short-term, acute stressors) when determining which sampling technique is most appropriate.
